The exact solution of N-dimensional radial Schrödinger equation with the generalized Cornell potential has been obtained using the Laplace transformation (LT) method. The energy eigenvalues and the corresponding wave functions for any state have been determined. The eigenvalues for some special cases of the generalized Cornell potential are obtained. The present results are applied to calculate the mass spectra of heavy quarkonium systems such as charmonium and bottomonium and the bc meson. A comparison is discussed with the experimental data and recent other works. The present results are improved in comparison with other recent studies and are in a good agreement with the experimental data. The effect of the dimensional number (N) on the meson masses has been studied. We note that the meson masses increase in higher dimensions.
Introduction
The exact solution of the Schrödinger equation (SE) with spherically symmetric potential plays a vital role in nuclei, atoms, molecules, spectroscopy and in many fields of modern physics. Therefore, the authors have interested to obtain the exact solution of Schrödinger equation using different methods such as point canonical transformation (PCT) Recently, many researchers have shown great attempts for solving the Schrödinger equation in higher dimensions. The study of the higher dimensions is more general and it can directly obtain the results in lower dimensions. In this paper, we have introduced the generalized Cornell potential which takes the following form:
So far, no attempts to study this potential using Laplace transformation method. Special cases are obtained from the present potential, Moreover; the present potential is applied on quarkonium properties which gives a good agreement with experimental data.
The paper is organized as follows: The background of the study of previous efforts is introduced in the section 1. In Sec. 2, overview of Laplace transform method is shown. In Sec.3, the exact solution of the N-dimensional radial Schrödinger equation is derived. In Sec.4, the results are discussed. In Sec. 5, summary and conclusion are presented.
Overview of Laplace Transform Method
The Laplace transform () z  or L of a function ()
If there is some constant R   such that 
The Laplace transform has the derivative properties
where the superscript () n stands for the n -th derivative with respect to t for () () n ft , and with
z is the singular point, the Laplace transform behaves
Where ()   is he gamma function. On the other hand, if near origin ()
Exact Solution of the N-dimensional Radial Schrödinger Equation with the Generalized Cornell Potential
The N-dimensional radial Schrödinger equation for two particles interacting via symmetric potential (1) takes the form [19] .
Where , N denote the angular quantum number, the dimensional number respectively, and
is the reduced mass of the two particles.
Substituting from Eq. (1) then 
Substituting from Eqs. (12), (13) and (14) into Eq. (10) yields
In order to get the 
The positive sign in Eq. (20) 
The singular point of Eq. (22) is . 
From Eq. (24), we get
Substituting from Eqs. (24), (25) and (26) into Eq. (22) we obtain the following relations
Using Eqs. (11), (23) 
The normalization constant C can be determined by the condition 
Discussion of Results
In this section, the energy eigenvalues have been derived for several potentials which used in earlier works and then, the mass spectra of heavy quarkonium systems such as charmonium and bottomonium and the bc meson have been calculated. 
Special Cases of the Generalized Cornell Potential

І. Extended Cornell potential
ІV. Isotopic harmonic plus inverse quadratic potential
V. Isotopic harmonic oscillator quadratic potential
We take 
Mass Spectra of Heavy Quarkonia and bc meson masses
Here, the mass spectra of heavy quarkonia such as charmonuim, bottomonium and bc meson have been calculated using the generalized Cornell potential (1). The following formula [38] has been used for determining quarkonium masses.
12
.
Substituting from Eq. (30) into Eq. (47), the in the mass spectra of charmonium can be given by
Also, the mass spectra of bottomonium can be calculated from Eq. (48) by replacing c m by b m Mass(GeV) The mass spectra of charmonium, bottomonium and bc meson are given in Table 1, Table 2 , and 43] . In addition, the mass spectra of the bc meson have been calculated at higher dimensions at N=4 and N=5. We can see that the mass spectra of all states of the bc meson increase with increasing the dimensional number (N). In Figure 1 , the mass spectra of charmonium, bottomonium and the bc meson have been plotted at higher dimensions. We noted that the meson masses increase with the dimensional number (N). This behavior is agreed with the recent results of Ref.
[44].
Summary and conclusion
In this study, we have employed the Laplace transformation (LT) method to find the exact solution of the N-dimensional Schrödinger equation with the generalized Cornell potential. The energy eigenvalues and the corresponding wave functions have been obtained. We have derived the energy eigenvalues of some special cases from the generalized Cornell potential in the Ndimensional space. In addition, we used the present potential to calculate the mass spectra of heavy quarkonium systems such as charmonium, bottomonium and the bc meson in comparison with the experimental data and other theoretical studies at N=3. Additionally, the effect of the dimensional number (N) on the meson masses has been studied. We noted that the meson masses increase with the dimensional number (N). Therefore, we conclude that the present potential using (LT) method gives satisfied results in comparison with experimental data and other recent works.
